Fatty acid analysis was done with GC and GC-MS on 21 strains of 'Streptococcus milleri', representative of the various proposed species. Although no qualitative differences were found in the fatty acid profiles, discriminant analysis of the quantitative data revealed three groups. Streptococcus anginosus and Streptococcus constellatus were indistinguishable but separated from the other two groups which comprised Streptococcus intermedius, with a wide fermentation pattern and Streptococcus intermedius with a narrow fermentation pattern. Three of the strains could be distinguished from the others by a 'fingerprint' of a particularly prominent fatty acid peak. The results support the suggestion that there is more than one species in this group of organisms and that the technique might be of value in epidemiological investigations of ' S . milleri'.
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Fatty acid analysis was done with GC and GC-MS on 21 strains of 'Streptococcus milleri', representative of the various proposed species. Although no qualitative differences were found in the fatty acid profiles, discriminant analysis of the quantitative data revealed three groups. Streptococcus anginosus and Streptococcus constellatus were indistinguishable but separated from the other two groups which comprised Streptococcus intermedius, with a wide fermentation pattern and Streptococcus intermedius with a narrow fermentation pattern. Three of the strains could be distinguished from the others by a 'fingerprint' of a particularly prominent fatty acid peak. The results support the suggestion that there is more than one species in this group of organisms and that the technique might be of value in epidemiological investigations of ' S . milleri'.
I N T R O D U C T I O N
The nomenclature and classification of 'Streptococcus milleri' is in dispute. The name was originally suggested by Guthof (1956) for a non-haemolytic organism isolated from a dental abscess but now includes organisms with a variety of Lancefield groupings and haemolytic reactions. Colman & Williams (1972) suggested the name 'Streptococcus milleri' for all these taxa because, despite antigenic and haemolytic differences, they are a reasonably homogeneous group. However, the current list of accepted related bacterial species includes Streptococcus anginosus, Streptococcus constellatus and Streptococcus intermedius, but not 'S. milleri ' (Skerman et al., 1980) . Facklam (1984) suggested three species, which can be readily identified in a routine microbiological laboratory : minute colonial forms irrespective of Lancefield group were included in an 'anginosus' group; isolates with normal colonial morphology were divided into lactose fermenters [Streptococcus intermedius (milleri) ] and non-lactose fermenters (Streptococcus constellatus). Yet another problem of speciation described by Poole & Wilson (1979) , exists for 'S. milleri' that ferment raffinose and melibiose (wide fermentation pattern).
Whatever the nomenclature, organisms in this group are recognized as the most common cause of streptococcal abscesses in internal organs (Ball & Parker, 1979) , and the term 'S. milleri' is widely used in the UK and the USA because it implies a certain clinical significance (Veralli, 1986) .
The gas chromatographic (GC) analysis of bacterial fatty acid methyl esters is now an established taxonomic method applied with increasing frequency in bacterial systematics (Goodfellow & Minnikin, 1985) with the relatively new flexible fused silica capillary columns increasing the sensitivity and resolution of these separations (Moss & Nunez-Montiel, 1982) . Drucker & Lee (1981) analysed fatty methyl esters directly extracted with boron trichloride and observed qualitative differences between vaginal, medical and oral strains of 'S. milleri'. Other workers (Moss et al., 1974) have criticized the direct method of extraction and suggested that Operating conditions were as follows : injector temperature, ambient; detector temperature, 300 "C; oven temperature, programmed from 110-260 "C at a rate of 4 "C min-l ; sample volume, 0.1 p1; and flow rate of helium, the carrier gas, 1.0 ml min-l. Peak area measurement was done on a Hewlett Packard 3390A electronic integrator. A fresh fatty acid preparation from Streptococcus mutans NCTC 10449 was included in each run and response factors calculated as previously described (French et al., 198 1) . All organisms were processed between two and five times and each extract analysed on three occasions.
IdentiJication offatty acids. Fatty acid methyl esters were primarily identified by comparing their retention times with those of a standard mixture (Supelco 4-7080). Identification was verified by hydrogenation of unsaturated fatty acids (Brian & Gardener, 1968) and by mass spectrometry (Ryhage & Stenhagen, 1960) .
The GC-MS equipment consisted of an HP (Hewlett Packard) 5970A quadrupoie mass selective detector coupled to an HP 5880A GC controlled by an HP 9825B computer linked to an HP 91 34A Winchester disc drive. The chromatographic column was a 25 m HP high performance capillary column of cross-linked methylsilicone (OV-1) with an internal diameter of 0.2 mm and a film thickness of 0.33 pm. The injector port and interface temperatures were 260 "C and the oven was initially held at 110 "C for 3 min and then increased at a rate of 6 "C min-l to a final temperature of 260 "C at which it was maintained for 10 min. The mass selective detector was operated under a vacuum of 1.5 x Pa), and the analyser temperature was 200 "C. The identities of the bacterial fatty acid peaks were confirmed by computerized matching of their mass-fragmentation patterns with those of standards stored in the system memory.
Statistical analysis. Peak data were expresed as normalized area percentages and inter-extract and interorganism variances calculated from these. Intra-class correlation coefficients (ICC) were derived from the variances of the normalized area percentages of the fatty acid of organisms as shown in the key to Table 3 . The ICCA was thus a measure of the between organism variance relative to the intra-organism extract variance, and the ICCB a measure of the between group variance relative to the variation arising from both these factors. Linear discriminant analysis was used to derive combinations of peaks that best separated groups of organisms (French et al., 1981) , using the mean values for peaks from all extracts measured. Upwards stepwise regression was done using the program BMDP7M (Dixon, 1983) ., Torr (about 1.33 x
RESULTS
Incubation in 10% C 0 2 was essential for the growth of strains 13 and 14 and enhanced the growth of the others. Strain numbers 12 to 18 were 'minute' (S. anginosus) since their colonial diameters were less than 0.5 mm after 48 h incubation in C 0 2 . All strains were Voges-Proskauer and arginine dihydrolase positive, failed to ferment ribose, arabinose, sorbitol or inulin and did not produce hydrogen peroxide or extracellular polysaccharides from sucrose. The strains varied in their reactions in other biochemical tests and their pattern of haemolysis on horse-blood agar. Most of the strains had the Lancefield group F antigen or were not groupable; however, one strain had a G and one a C antigen (see Table 2 ). Strains of normal colonial size could be divided into lactose fermenters (nos 1 to 1 1 ; S. intermedius) or non-lactose fermenters (nos 19,20 and 21 ; S. constellatus). Three of the five vaginal strains were amongst the seven ' S . milleri' (nos 1 to 7 ) with a wide fermentation pattern (raffinose and melibiose fermented), but there was no consistent relationship between fermentation pattern, type of haemolysis and presence of a group antigen. Strains 1,5,6 and 7 were indistinguishable in these tests, as were strains 2 and 4. The identities of the fatty acid peaks detected are listed in Table 2 . All the strains were found to contain measurable amounts of at least eleven fatty acids with carbon numbers between 12 and 18. Thirteen of the strains produced traces of i-C14 :0, which was included in the analysis. Similar quantities of C 13 : 0, C 14 :OH, C 15 : 0, C 17 : 0 and C 18 : 1 -cis1 2 were also detected and a probable aldehyde was also noted at a retention time of about 28.10 min.
Inter-extract variability ( Table 3 ) was small for seven of the peaks relative to the interorganism variance (ICCA > 0.80). Peak 1 1 (C 18 : 1-cis9) was particularly prominent in strains 9, 10 and 18. The discriminant analysis of all peak data resolved three groups: two groups contained strains corresponding to the description of S. intermedius, one with the wide fermentation pattern, the second with a narrower fermentation pattern; each of these groups was distinguishable from the third group which comprised the strains corresponding to descriptions of S. anginosus/S. constellatus (Fig. 1) . The best discriminant function based on all 1 1 peaks showed less inter-organism variance than expected from the inter-extract variance, shown by the negative signs for variance and ICCA in Table 3 . Peak seven contributed most to the first discriminant function (Table 3 ) and separated S. intermedius strains with the wide fermentation pattern from S. aginosus/S. constellatus, and S . intermedius strains without the wide fermentation pattern from the S. constellatus strains (Fig. 2) . 
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156 .- 79; pl, 4,7, 11 and 12 = 0.86; pl, 4,6,7 and 12 =0.89; pl, 4, 6, 7, 10, 11 and 12=0.92; pl, 2, 4, 6, 7, 8, 10, 11 and 12=0.94 Stepwise discriminant analysis suggested that no other peak contributed to group separation, and the greater separation achieved with the other peaks might, of course, have been due to random variation.
DISCUSSION
Although there were no qualitative differences in fatty acids between the 'S. milleri' strains, separation into three groups could be achieved quantitatively. In addition, three strains from two of the groups appeared to have a more distinct 'fingerprint'. Our collection of 'S. milleri' included a wide spectrum of biochemical and haemolytic patterns and at least one representative of each Lancefield group, except A, making strain selection an unlikely explanation of the inability to detect qualitative fatty acid differences.
Drucker & Lee (1981) did find qualitative differences amongst the fatty acid profiles of their ' S . mifleri' strains and also suggested that there were three groups: oral, medical and vaginal. No data were given for serological, haemolytic and biochemical reactions or colonial morphology. Unfortunately, it is difficult to compare the results of their study with ours because the only strain which we have been able to obtain from that study was no. 21 (NCTC 11 169), a typical representative of Drucker and Lee's oral strains in both its fatty acid content and the ability to form caries in gnotobiotic rats. The vaginal strains in Drucker and Lee's study were 'physiologically different' from the other 'S. milleri', perhaps implying that they were of the same wide fermentation pattern as some of our strains. Their medical strains were from a less varied number of sites (abscesses and infected wounds) than those in this study. The cultural conditions used by Drucker & Lee (1981) and those used here are unlikely to have contributed to the failure to find qualitative fatty acid differences in that both studies used brain heart infusion broth. Furthermore, preliminary work did not reveal qualitative fatty acid differences when the broths were incubated without aeration, as in the Drucker and Lee study, or anaerobically as in this study, although the latter method produced more fatty acids. Their direct extraction method causes extensive destruction of unsaturated fatty acids (Klopfenstein, 197 1) and cyclopropane fatty acids (Dawidowicz & Thompson, 1971) with the appearance of artefacts. However, in our studies with saponification, no cyclopropane acids were detected, suggesting that these are truly absent from ' S . mifferi' strains.
Labbe et af. (1985) were also unable to differentiate the fatty acids of ' S . milleri' qualitatively, but did not do a discriminant analysis of their quantitative data. It is essential to do this if the data are to be applied to microbial strain or species separation. The column and saponificationextraction process used differed from our study and they made no attempt to resolve unsaturated C16 and C18 peaks. It is also unclear how many of their strains were of the broad fermentation pattern and whether any oral strains were examined.
Studies on the taxonomic status of ' S . milleri' strains with DNA-DNA hybridization have produced conflicting results. Welborn et al. (1983) found a high degree of DNA homology between ' S . mifleri' strains (two with the minute colonial morphology and Lancefield group F antigen and three with normal colonial morphology, one lactose and two non-lactose fermenting). Coykendall et a f . (1987) have also shown that 'S. mifleri' organisms exhibit considerable DNA homology and suggest that all should be grouped in the species S . anginosus, as this approved name has priority. However, despite this recommendation, they did find some heterogeneity, in that the type strain of S . intermedius hybridized poorly with the other ' S . mifleri' examined and was considered possibly to represent a different species.
More recently, Knight & Shlaes (1988) analysed 16 S . intermedius isolates and found four distinct homology groups. Again, it is difficult to compare their isolates with those used in this study, since different methods and biochemical tests were used. However, their three urinary S. intermedius isolates, which fermented mannitol, meli biose and raffinose would appear to be identical to those in our study and were distinct on DNA homology studies from the other S . intermedius isolates. Another of their groups is of particular interest, in that it comprised five isolates that fermented raffinose and melibiose but not mannitol. These would appear to be different from our isolate no. 3 in that they were Voges-Proskauer negative. Future studies might address this specific area because, as Knight & Shlaes (1988) pointed out, previous workers have not always tested for mannitol fermentation. The qualitative similarity of the fatty acids of our ' S . milferi' might add weight to their being considered the same species. Although the quantitative differences are interesting, they must be further evaluated amongst the viridans streptococci and are unlikely to prove as powerful a tool as DNA-DNA hybridization.
The technique may provide additional clues to the origin of strains in epidemiological studies, in that some strains may have characteristic 'fingerprints', such as the large peak 11 in strains 9, 10 and 18. However, for the majority of the strains in this study fatty acid analysis added little discrimination to that achieved with simple biochemical analysis and growth characteristics. Poole & Wilson (1979) noted the wide fermentation pattern in 'S. mifferi' in 26% of the faecal and 73.2% of their vaginal 'S. mifferi' strains. They pointed out that the characteristic features observed in strains from various specific sites were not absolute; indeed, our S. intermedius with the wide fermentation pattern were from various infected sites. The association of a quantitative fatty acid pattern with isolates from these sites may be coincidental or, perhaps, an adaptation to a particular ecological niche.
The strains examined in this study are a good representation of the spectrum of ' S . milleri' and the use of the technique would be justified in any future analysis of strains gathered from an epidemiological investigation of this group of organisms, were other 'fingerprints' to be discovered. Such studies might consider how many fatty acids peaks need to be resolved; if it is found that only a few peaks are necessary, one might explore the use of isothermal runs in conventional wide-bore packed columns. French et al. (1981) have found in pyrolysis-GC that temperature programming and capillary columns may not be essential and the analysis of fewer peaks would save both computer time and expense.
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